FTIR study of light-dependent activation and DNA repair processes of (6-4) photolyase.
The UV component of sunlight threatens all life on the earth by damaging DNA. The photolyase (PHR) DNA repair proteins maintain genetic integrity by harnessing blue light to restore intact bases from the major UV-induced photoproducts, cyclobutane pyrimidine dimers (CPD), and (6-4) photoproducts ((6-4) PPs). The (6-4) PHR must catalyze not only covalent bond cleavage between two pyrmidine bases but also hydroxyl or amino group transfer from the 5'- to 3'-pyrimidine base, requiring a more complex mechanism than that postulated for CPD PHR. In this paper, we apply Fourier transform infrared (FTIR) spectroscopy to (6-4) PHR and report difference FTIR spectra that correspond to its photoactivation, substrate binding, and light-dependent DNA repair processes. The presence of DNA carrying a single (6-4) PP uniquely influences vibrations of the protein backbone and a protonated carboxylic acid, whereas photoactivation produces IR spectral changes for the FAD cofactor and the surrounding protein. Difference FTIR spectra for the light-dependent DNA damage repair reaction directly show significant DNA structural changes in the (6-4) lesion and the neighboring phosphate group. Time-dependent illumination of samples with different enzyme:substrate stoichiometries successfully distinguished signals characteristic of structural changes in the protein and the DNA resulting from binding and catalysis.